ABSTRACT : An experiment of 10 weeks duration was carried out to study the influence of supplemental effective microorganism (EM) culture, yeast culture and enzymes on nutrient digestibility and gut microflora in rabbit gastrointestinal (GI) tract. Twenty four eight to nine weeks old, New Zealand White rabbits were allotted to four dietary treatments; a basal (control) feed, basal feed supplemented with either EM (1%), yeast culture or enzymes (400 ppm). Nutrient flow in digesta and their digestibility at ileum, caecum, colon and in the total tract as well as gut microflora distribution were studied. Feed dry matter was diluted from 92% to about 14% up to the ileum and about 95% of this water was reabsorbed by the colonic rectal segment followed by caecum (25%). EM and yeast improved protein digestibility at a lower rate than enzymes. Ileal, caecal, colonic and total tract digestibility of crude protein with enzymes were higher by 10.8, 9.4, 11.3 and 10.7%, respectively, as compared to the control. Yeast and enzymes increased crude fiber digestibility at ileum, caecum, colon and in the total tract by 8.5, 9.6, 9.0 and 8.3%, respectively, while EM improved them at a lower rate. Irrespective of treatments, total tract digestibility of crude protein (0.698-0.773) and fiber (0.169-0.183) were greater (p<0.05) than the ileal digestibility. Even though a post-caecal protein digestibility was observed, fiber digestion seemed to be completed in the caecum especially with yeast and enzymes. High precaecal digestibility of crude fiber (97%) and protein (95%) were observed even without additives probably due to caecotrophy. EM and yeast culture promoted the growth of lactic acid bacteria especially in the caecum but they did not influence gut yeast and mould. Present findings reveal that even though rabbits digest nutrients efficiently through hind gut fermentation, they can be further enhanced by EM, yeast and enzymes. Of the three additives tested, enzymes found to be the best. (Asian-Aust.
INTRODUCTION
Domesticated rabbit (Oryctolagus cuniculus) has a great potential as a source of meat. It is an established fact that rabbits are good converters of fibrous plant material into lean meat and they can tolerate a substantial fiber level in their diet (Cheeke, 1987) . However, being a monogastric animal, rabbits utilize fiber by virtue of hind gut fermentation which in fact is less efficient compared to rumen fermentation (Aderibigbe et al., 1992a,b,c; Adjiri, et al, 1992; Aderibigbe and Cheeke, 1993) . Rabbits can absorb and metabolize volatile fatty acids produced due to hind-gut fermentation which represents about 40% of the maintenance energy requirement (Marty and Vernay, 1984) . Therefore, there is a great potential for using feed additives to enhance the digestibility of fibrous feeds in rabbits. Various scientists have demonstrated that supplemental probiotics and enzymes can increase the feed digestibility, nutrient utilization and thereby the performance of chicken and pigs (Feighner and Dashkevicz, 1988; Fengler and Marquardt, 1988; Campbell, 1989; Petterson and Aman, 1989; Salih et al., 1991; Samarasinghe and Wenk, 1993) .
However the effect of such additives in rabbit diets is yet to be established.
Probiotics, such as yeasts (Maertens and De Groote, 1992) and Bacillus (McCartney, 1994) are finding a place in rabbit feeding. Some of them have been shown to benefit rabbit performance (Blas et al., 1991) . Effective Microorganisms (EM; a live microbial culture of Japanese origin) may also be able to play an important role in rabbit feeding with their ability of degrading organic materials as reported by Anuar et al. (1993) . According to the producers EM culture contains photosynthetic bacteria, lactic acid bacteria, yeast (Saccharomyces cerevisiae and Candida utilis), ray fungi (Streptomyces albus and Streptomyces griseus) and fungi (Aspergillus oryzae and Mucor hiemalia). On the other hand, the microbiology of the rabbit gut has not been extensively studied as that of some other species (Straw, 1988) . Therefore, the present study was carried out to investigate the effect of exogenous enzymes (cellulases and proteases), yeast culture (Yea-Sacc 1026 ) and effective micro-organism (EM) culture on nutrient digestibility and gut micro-flora of rabbits fed diets based on rice bran and coconut poonac.
MATERIALS AND METHODS
An experiment was conducted using eight to nine weeks old, New Zealand White rabbits of both sexes (average Influence of Supplemental Enzymes, Yeast Culture and Effective Micro-organism Culture on Gut Micro-flora and Nutrient Digestion at Different Parts of the Rabbit Digestive Tract body weight 1,986 g) over a period of ten weeks to study the effect of enzymes and probiotics on gut micro-flora and nutrient digestibility at different parts of the GI tract. They were housed in individual wire net cages having a floor space of 2,160 sq.cm (72 cm×30 cm), equipped with nipple drinkers and a nylon net fixed under each cage for faeces collection.
A basal feed (Table 1) was formulated using locally available ingredients to contain all the nutrients as required by growing rabbits (NRC, 1977) . Guinea grass (Panicum maximum) was cut at pre-bloom stage, dried under shade for few days, ground to a meal and used to obtain the required fiber level in the basal ration. The total amount of the basal feed required was mixed as one batch using a horizontal feed mixer. Then the basal feed was divided in to four equal portions and one portion was taken as the control feed. The remaining three portions were supplemented either with effective micro-organisms (1%), yeast culture (Yea Sacc 1026 at 200 ppm) or enzymes (a mixture of cellulases and proteases from Alltech Inc. USA, at 400 ppm) to get three test diets. All four rations were separately pelleted using a 3.5 mm die in the pelleting machine (CPM LP 4001-Aerphilly Mid-Glam-Eriez magnetics). In the case of EM treatment, EM culture solution was sprayed on pellets immediately before feeding every day. EM could not be added to the feed before pelleting because the viability of bacteria gets reduced when exposed to sunlight. As recommended by producers, EM solution was also added to drinking water every day at the rate of 1:2,000 (v/v). Rabbits in other treatments received fresh water without EM. Each dietary treatment was then assigned to six rabbits in a Complete Randomized Deign (CRD). Feed and water was given ad libitum.
Samples of faeces from individual rabbits were collected separately during three consecutive days for three collection periods starting from 31st, 38th and 45th days after commencement of the experiment in order to estimate total tract digestibility of nutrients (indicator method). Soon after collection, the samples were stored in a deep freezer until they were taken for analyses. Feed samples were also collected during each collection period and stored for subsequent analyses. No attempt was made to study the sex effect on parameters tested since it was known that the feed digestion in rabbit is not influenced by their sex (Fekete and Bokori cited by Fekete, 1988; Fekete and Lebas cited by Fekete, 1988) .
After the final faeces collection, all the animals were sacrificed to take gut contents. They were stunted by dislocating the neck and decapitated. After bleeding for few minutes, the head, skin and feet were removed and a cut was made carefully with a sterilized knife ventrally. All the instruments used in the sample collection for microbiological study were sterilized before using them. Gut contents were collected aseptically from caecum and colon, put it in to sterile bottles and kept in a refrigerator until they were taken for culturing. Then samples of gut contents for digestibility determinations were collected from ileum, caecum and colon into polythene bags, sealed and stored in a deep freezer until taken for chemical analysis.
Dry matter (DM), ash, crude protein (CP), crude fiber (CF) and ether extract (EE) of feeds were analysed (AOAC, 1985) . Samples of faeces and gut contents were tested for DM, CP and CF. Acid insoluble ash (AIA) contents of feed, faeces and gut contents were determined (AOAC, 1985) and the digestibility values were then calculated according to an indicator method using AIA as the indicator (Prabucki et al., 1975; Scott and Boldaji, 1997) .
In the microbiological study, plates were prepared with potato dextrose agar and milk agar using Oxoid Kit-2000 to culture lactic acid bacteria (LAB) and yeast and mould. Serial dilutions were prepared using Ringer's solution. As the average range of microbial count of rabbits fed with different additives were not well known, three dilutions from each sample were inoculated. After inoculating the media with either caecal or large intestinal samples, the plates with milk agar were kept in an incubator at 36°C for two to three days and the plates with potato dextrose agar were kept in room temperature (25-27°C) for three to four days. At the end of incubation period, the number of colony forming units (cfu) of lactic acid bacteria and yeast and mould were counted. Data were subjected to Analysis of Variance (ANOVA) using statistical analysis system (SAS, 1990) . Feed intake and total tract digestibility of nutrients were analysed by considering treatment and time as 2 factors. Ileal, caecal and large intestinal digestibility values and the cfu counts of lactic acid bacteria and yeast and mould were analysed in a single factor CRD. Means were compared using Duncan's Multiple Range Test.
RESULTS
Basal feed contained slightly higher crude protein (19.8%) and lower crude fiber (13%) ( Table 1) than expected values (16 and 14%, respectively). As shown in Table 2 , feed was highly diluted (13.8% DM) when it reached the ileum. Dry matter content of the digesta gradually increased up to the colon (38.9% DM) and thereafter rapidly to a level of about 95% before voided as faeces but there was no observed treatment effect. Crude protein content of rabbit gut contents and faeces which varied from 13.15 to 17.3% with slight differences between treatments were lower than that of feed. Caecal contents had more crude protein (16.0%) than ileal contents (14.7%). From ileum to colon (and in faeces), a slight reduction in crude protein of digesta was observed with yeast and enzymes while a slight increase was observed with the control and EM diets. Compared to feed, the gut contents and faeces contained higher crude fiber levels. Average crude fiber level of ileal contents was 27.0%. In crude fiber, there was no change from ileum to caecum but it gradually increased from caecum to colon. The highest crude fiber content (31.3%) was found in faeces. However, there were no significant differences in crude fiber contents between treatments.
Ileal, caecal, colon and total tract digestibility of crude protein (0.668, 0.649, 0.675 and 0.698, respectively, for the control) as well as crude fiber (0.164, 0.166, 0.167 and 0.169, respectively, for the control) were increased (p<0.05) with all additives. With regard to crude protein digestibility, there was no difference observed up to caecum between EM and yeast cultures which improved the protein digestibility by about 4 to 6%. However, yeast increased (p<0.05) the colon and total tract digestibility of crude protein at a rate similar to enzymes while the effect of EM was lower. The enzyme supplementation resulted in the highest improvement in crude protein digestibility throughout the digestive tract. As shown in Table 3 , ileal, caecal, colon and total tract digestibility of crude protein with enzymes were higher by 10.8, 9.4, 11.3 and 10.7%, respectively, as compared to the control.
EM improved the fiber digestion at a lower rate compared to yeast and enzymes. Ileal, caecal, colon and total tract digestibility of crude fiber were increased (p<0.05) by 8.5, 9.6, 9.0 and 8.3%, respectively, when the diet was supplemented with either yeast or enzymes (Table  3) .
The total tract digestibility values of crude protein and crude fiber were significantly (p<0.05) higher than those at ileum in all the dietary treatments showing the importance of hind gut fermentation in rabbits. Crude protein digestibility observed at caecum was significantly (p<0.05) lower as compared to the values observed at other sites irrespective of the dietary treatment while crude fiber digestibility was lowest at ileum.
Parallel to the improvements in nutrient digestibility, all the additives have enhanced the growth of lactic acid bacteria (LAB) in rabbit caecum and colon (Table 4 ). The counts of LAB in the caecum and in colon were lowest with the control group (3.85×10 6 and 1.3×10 6 cfu/g, respectively)
and highest with yeast culture (1.85×10 8 and 1.97×10 7 cfu/g, respectively). As compared to EM and yeast, enzymes had a lower effect on LAB growth. However the dietary treatments did not significantly influence the yeast and mould growth in rabbit caecum or colon (Table 4 ). The average cfu of yeast and mould in the caecum and colon were 2.61×10 7 and 2.44×10 6 , respectively, per g of gut contents. In general, higher microbial counts were seen in the caecum than in the colon.
DISCUSSION
Feed dry matter which was around 92% (Table 1 ) was reduced to approximately 14% when it reached the ileum (Table 2) due to the dilution effect of drinking water and digestive juices. The moisture lost within the GI tract of an animal is an estimation for water reabsorption into the body. Rabbits have reabsorbed about 95% of ileal digesta water when the digesta passed from ileum to anus as faeces (hard pellets). As shown in Table 5 , the main site of water reabsorption is between colon and anus, the colonic-rectal segment. Previous studies also report that water reabsorption occurs mainly at colon and rectum (Burn, 1986; Reynolds and Bellward, 1989) . A considerable amount of water (25.9%) has been reabsorbed from the caecum. Dietary treatments did not have any influence on water reabsorpion or the consistency of faeces in rabbits.
When the digesta enters the caecum of the rabbit, more fibrous particles are separated and moved to the lower parts of the large intestine which ultimately constitute the hard faeces (Gidenne et al., 1998) . Some soluble particles coming with digesta can also be absorbed from the colon (Marty and Vernay, 1984) . These must be the reasons for relatively high crude fiber contents found in digesta after the caecum. Though there was no treatment effect observed on the crude fiber content of digesta, the digestibility values were significantly influenced (p<0.05) by dietary treatments.
Results reveal that changes to digesta crude protein and crude fiber occur even up to the colonic-rectal segment of the rabbit. Therefore the total tract digestibility estimates were always higher than the digestibility values at any other segment of the GI tract. Possible reason might be the continuous degradation and absorption of digesta nutrients. Increased crude protein content in caecum (Table 2) has resulted in lower estimations for caecal protein digestibility values (Table 3) . This was attributed to intensive microbial activity in the caecum (Gidenne et al., 1998) . EM and yeast treatments which resulted the highest increase in LAB activity (Table 4) showed a greater uplifting of crude protein content from ileum to caecum thus justifying the above explanation. Similarly, as compared to the control and EM treatment, colon and total tract digestibility of crude protein were higher with yeast cultures and with enzymes corresponding to lower crude protein levels in colonic contents and faeces. However this kind of a relationship between gut protein concentration from ileum to colon and protein digestibility could not be seen with the control and EM treatment. The reingestion of soft faeces and the subsequent digestion of its crude protein in which about 31 to 68 % is from bacterial origin (Garcia et al. cited by Fraga, 1998) makes the interpretation of results of protein digestion by rabbits more complicated as stated by Merino (cited by Fraga, 1998) .
Fermentation of dietary fiber has been considered to be a post-ileal activity of the endogenous microflora. However, there is an increasing evidence (Gidenne et al., 1998 ) that some components of structural carbohydrates disappear or are degraded prior to entering the caecum of rabbits. It is worthwhile to note that the precaecal fiber digestion in the present study has contributed about 96 to 97% of the total fiber digestion (0.164 to 0.178) of rabbits. Precaecal fiber digestion has also been observed in other non-ruminant species such as pigs and poultry also (Gidenne et al., 1998) . In the present study, the precaecal fiber (0.164) and protein (0.668) digestibility values observed with the control rabbits were 97 and 95%, respectively, of the total tract digestibility values. Such a high apparent nutrient digestion observed at precaecal segment of the rabbit GI tract can be attributed to reingestion of soft faeces (caecotrophy). According to Yu et al. (cited by Gidenne et al., 1998) , the extent of precaecal fiber digestion in rabbits varies from 0.07 to 0.19 which is in agreement with present results. The precaecal fiber digestibility values obtained in the present study were more close to the upper limit since the rabbits used were somewhat matured. Precaecal fiber degradation as well as the caecal fermentation have been improved (p<0.05) by EM, yeast and enzyme supplementations. In parallel, crude protein digestibility was also improved by all three supplements. Of the three additives tested, enzymes gave the highest improvements in digestibility values. However, Aderibigbe and Cheeke (1993) and Aderibigbe et al. (1992a) did not find any improvement in in vitro caecal digestibility of various rabbit feeds as a result of probiotic supplementation. They however found that in vitro digestibilities were lower than the in vivo values and the source of fiber has a great influence on their digestibility. This it self explain the positive responses observed to probiotics in the present study. EM and yeast must have promoted beneficial gut microbes thus resulting improved fiber and protein digestibility. As shown in Table 4 , EM and yeast have remarkably increased (p<0.05) the cfu of LAB in caecum as well as in the colon. LAB is one of the major species of beneficial micro-organisms in the gut of monogastric animals and humans (Blaut, 2002) . Glade (1991) has reported improved nutrient digestibility in mares fed diets supplemented with yeast cultures. The improvement in gut microbial population is attributed to the enhancing synergistic action of yeast and fungi on beneficial lactic acid bacteria both in caecum and colon. This may be due to provision of soluble nutrients especially B vitamins as suggested by Callaway and Martin (1997) . Though reports on rabbits are scantly, positive effects of supplemental enzymes on nutrient digestibility in pigs and chicken have been well documented (Farrell et al., 1993; Samarasinghe and Wenk, 1993; Kopinski and Willis, 1996; Pack, 1996; Rostagno et al., 2000; Kocher et al., 2002; Owusu Asiedu et al., 2002) . Therefore similar effects of supplemental enzymes in rabbits cannot be totally excluded.
It is a well-known fact that yeast could render the synergistic action on lactobacilli when allowed to grow together. On the other hand, enzymes also must have served as promoter for the microbial growth. Their growth promoting action on LAB would have been partly mediated through the ample availability of simple sugars generated through cellulolytic enzyme activity. This fact would have been determined by the analysis of gut contents of ileum, caecum, colon and faeces for such simple sugars and other relevant metabolites using caecotrophy prevented rabbits. In addition, the growth promoting action on LAB of supplemental enzymes did not exert the same activity in the colon (Table 4) indicating the importance of caecum in microbial fermentation.
According to Cole et al. (cited by Straw, 1988) , the lactobacilli count in rabbit gut is 10 6 per gram of gut content which is in good agreement with the observations of the present study except for those fed with test diets.
Even though the LAB of gut contents showed significant (p<0.05) increase with the supplements, yeast and mould counts did not. However, the number of cfu of yeast and mould in the caecum was ten times higher than that of colon. This pattern was similar in all the treatments including the control. Therefore, strong indicaitons of colonisation of the probable probiotics in EM as well as in yeast culture were not found since the population counts decreased from caecum to colon in a similar way. If colonisation of any gut micro-organism had occurred, the yeast and mould counts must have reduced from caecum to colon significantly in EM or yeast culture treatments.
CONCLUSIONS
Rabbits (caecotrophy not prevented) show a high precaecal fiber and protein digestion which can be further enhanced by EM, yeast and enzymes. While protein digestion continues up to colon, fiber digestion seems to be completed in the caecum. EM and yeast culture promote the growth of LAB especially in the caecum but they do not influence gut yeast and mould indicating the absence of colonization. Present findings elucidate the fact that even though rabbits digest nutrients efficiently through hind gut fermentation and subsequent caecotrophy, nutrient digestibility can be further enhanced by appropriate feed additives. Of the additives tested, enzyme treatment found to be the best to improve feed digestibility in rabbits.
